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MASTER-SLAVE ORIENTED TWO-WAY RF WIRELESS LIGHTING 

CONTROL SYSTEM 



BACKGROUND OF THE INVENTION 
5 1. Field of the tovention 

The present inventioii relates to a lighting control system, and particularly to a 
master-slave oriented two-way radio frequency (RF) lighting control system, 

10 2. Description of the Related Art 

Conventional building lighting systems, both residential and commercial, include 
numerous lighting units controlled by wall switches int^oimected together by electrical 
wiring. Any changes and modifications to ttie lighting system are either constrained by 
the electrical wiring or require re-wiring of the Ughting syston. Conventional lighting 

15 system configurations are therefore inflexible and costly to modify. 

Lighting system control configurations range &om simple to complex. In one of 
the sinqjlest control schemes, lights are turned on/off by dedicated wall switches located, 
typically, m the same room as the lights controlled by the wall mounted switches. 

20 Additionally, wall dimmers may be used to control (i.e., vary) the intensity of the lights. 
More complicated control fimctions such as grouping, preset ligihting semes, dimming 
and lighting based on ambient ligiht, occupancy, and other factors can be implemented to 
provide intelligent control of the building ligihtmg system. Such intelligent ligjiting 
system control may be implemented using an open, proprietary, or a standard lighting 

25 control command set such as, for example, the industry-standard DALI (Digital 
Addressable lighting Interface). Howeva:, retrofitting and/or modifying a lighting 
system for DALI requires extra control whes for connecting a control box to the lighting 
umts* ballast. Also, the conventionally wired DALI system has the disadvantage of added 
installation cost and retrofit inflexibility. 
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In some Kgjiting systems a remote control unit is used, for exanq»le, to provide 
user convenience in controlling the Hghts. In most of such Ughting systems, the remote 
control communication is based on IR (infiared) technology. IR communication requires 
a Bne-of-sight between the IR linked devices and have a limited range based on certain 
5 output power limits. Accordingly, Ughting systems relying on IR communication are 
suitable for simple control functions limited to small areas such as a single room within a 
building. To communicate using IR over a large area leqmres increased transmitting 
power and/or repeaters, both of which are a costly proposition, 

10 RF technology has the advantages of flexibihty and ease of installation. It can be 

used for both local control (one room) and wide area control (building wide). Cunently 
there are some RF-based lighting control systems. U. S. Pat. No. 6,174,073 describes a 
Ughting system including a pluraUty of Ughting units each having an iUumination element 
and an associated switch (i.e., control box) responsive to a RF (radio fiequency) signal, 
15 and remote control switch units for transmitting RF signals to the lighting units. The '073 
patent discloses a Ughting system usmg one-way communication between the remote 
control units and flie control box attached to conventional electronic analog baUasts. The 
signal transmitted fiom the remote control switch unit is received by flie control circuitry 
of the li0it unit to control a switch between flie mains power supply and the ballast The 
20 remote control switch turns on/off" and dims tiie lighting units by 
connecting/disconnecting the Ughting to tiie power supply. The disclosed system may be 
used for retiofits to convert manually operated waU switches into remote/handheld 
wireless controUed switches. However, since communication in the '073 system is one- 
way, tiiere is no data feed back ftom flie baUast to the remote control unit. 

25 
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Other lighting systems use a proprietary protocol for two-way RF conimimications 
between the r^ote control units and the luminaries. These systems also use additional 
circuitry outside of the luminary ballast, such as an actuator, as the communication 
inter&ce for exchanging information with the remote control xmit. The actuator, in 
5 response to the signal received fix>m the remote control unit, outputs a variable signal for 
turning on/ofT and dimming the ballasts. Each ballast stores the IDs of their assigned, 
desigoated remote control units so that only ligjiting control commands issued fix>m the 
assigned remote control units will be acknowledged and responded to. This type of 
ligh t i ng control system provides two-way communication yet it has the disadvantage of 
10 being vulnerable to the situation where a rmnote control is lost or inoperable. This type 
of lighting system requires an additional device and intervention for recovering control of 
the ballasts in the event the designated remote control umt(s) assigned to the ballasts is 
lost or inoperable. 

15 SUMMARY OF THE INmSNTION 

It is an object of the present teachings to provide a lighting control system 
providing a two-way master-slave oriented communication lig^iting control network. 

It is another object of the present teachings to provide such a lighting control 
20 network communicating via RF wireless links. 

It is still another object of the present teachings to provide such a lighting control 
system that connect a plurality of local two-way communication lifting control networks 
to form a larger network. 

25 

In accordance with the present teachings, there is provided a method and 
apparatus for providing a lighting control network including a remote control unit having 
a RF signal transmitter and a RF receiver, and a plurality of lighting control units, each of 
tibie lij^ting control units having a RF signal transmitter, a RF receiver, and a lighting unit 
30 associated therewith, wherein the remote control unit and the plurality of lighting control 
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units are configured in a master-slave oriented network, one of the plurality of lighting 
control units bemg configured as a master in the network and remaining Ughting control 
units of the pluraUty of ligjiting units and the remote control units being configured as 
slaves in the network, and the plurality of lighting control units and the remote control 
unit communicating bi-directionally with each other via RF wireless links. The network 
may also include sensors for detecting an environmental or system parameter. Multiple 
instances of the local lighting control network may be interfaced together to form a 
building-wide network. 

The above and other objects, advantages, and boiefits of the presmt invention 
will be undratood by reference to following detailed description and appended sheets of 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above set forth and other features of the present teachings are made more 
apparent in the ensuing Detailed Description of the hivention when read m conjunction 
with the attached Drawings, wherein: 

FIG. 1 A is an exeniplaiy depiction of a lightmg control network in accordance 
with the present invention; 

FIG. IB is an exemplary concq>tual construct of the lighting control network of 
flie present invention combining a general wireless communication protocol and a 
lighting-specific standard, in accordance with the present invention; 

FIG. 2 is an exemplary depiction of a ballast of ttie lighting control system of FIG. 
1 A, in accordance with the teachings of the present invention; 

FIG. 3 is an exemplary depiction of a sensor of ttie lighting control system of FIG. 
lA, m accordance with the teachmgs of the present invention; and 
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FIG. 4 is an exemplary depiction of a remote control of the lighting system of 
FIG, lA, in accordance with the teachings of the present invention; and 

5 FIG. 5 is an exenq>lary depiction of the lightiag control network of the present 

invention configured in a mesh topology. 

DETAILED DESCRIFnON OF THE INVENTION 

Referring to the figures, and m particular to FIG. lA, there is depicted an 

10 exenq)lary representation of a lighting control network 100 in accordance with the 
teachings of the present mvention. Note that while ligjiting control network 100 
illustrates an exemplary deployment of the Ughtmg control network of the present 
invention, it should be appreciated by tiiose skilled m the art that the lighting control 
system of the present invention may be implemented and adapted to a variety of 

15 application environments. 

hr an aspect of the present invention, the lighting control system includes a 
mastCT-slave oriented two-way (i.e., bi-directional) RF wireless lighting control network. 
Ugjiting control network 100 includes ballasts 5, 15, 25. Each of the baUasts has a 

20 lighting control unit and is associated with a lighting unit controlled thereby. As shown, 
ballast 5 is associated with ligjiting unit 10, ballast 15 is associated with lifting unit 20, 
and ballast 25 is associated with lighting unit 30. The lighting control network also 
includes at least one remote control unit for issuing commands for controlling the 
operation of the ligjiting units 10, 20, 30. Exemplary ligjitmg control network 100 

25 includes two remote control units 40 and 42. More or less remote control units may be 
included. For example, lighting control network 100 may optionally have one or flnee (or 
more) remote control units associated therewith. 

Ligjiting control network 100 has sensors 35, 37 for detecting, i.e., sensing and 
30 monitoring the status of an environmental and/or system parameter. The particular 
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parameter monitored may vary depending on the appUcation of Ughting control network 
100. 

The various ballasts, rranote control units, and sensors of lighting control network 
5 100 are associated with each other to fomi a communication and control network for 
controlling the operation of the Hghting units 10, 20, 30 associated therewith. As 
mentioned above, the ballasts, remote control units, and sensors of hghting control 
network 100 are configured in a master-slave oriented network wherein one of the 
baUasts of the Ughting control netwoik 100 are designated as a local control master. 
10 Ballast 5 is the local control master for Ughting control network 100. The remaining 
ballasts, namely ballasts 15, 25; sensors 35, 37; and remote control units 40, 42 are slave 
devices relative to the Ughting control network 100 local control master, baUast 5. 

In an aspect of flie present invention, ballasts 5, 15, 25; stmsors 35, 37; and remote 
15 control units 40, 42 communicate with each otha: via RF wireless Unks. The RF wireless 
Unks are represented in FIG. 1 A as dashed Unes. The double arrows on the dashed Unes 
indicate that Ae communication between flie devices of U^ting control network 100 
communicate bi-directionally. Hiat is, the ballasts, sensors, and remote control units may 
each transmit and receive RF signals. 

20 

FIG. 1 A also shows that local Ugjhting control network 100 and other local Ughting 
control n^oiks may be wired or wirelessly connected to a central control master 200 to 
form a building-wide Ughting control network (discussed in greater detail below). The 
building-wide network may thus comprise a two-tia: hia-aichy networic of local control 
25 mastos and a central control master. 

Referring to FIG. 2, an ex«aiq)lary depiction of a baUast, including a U^ting 
control unit, appUcable for use in Ughting control network 100 is shown. BaUast 5 of 
FIG. lA is dq)icted as including a KF transceiver for transmitting and receiving RF 
30 signals, a MCU (microcontroUer), and a lamp driver for driving U^ting unit 10. The RF 
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traxisceiver receives and demodulates the RF signals and passes the demodulated signal to 
the MCU. The MCU has program code encoded therein, including network 
communication protocol code and application code for addressing network 
communication issues and lighting unit control issues, respectively. 

In an aspect of the present invention, the lighting control unit aspects of the 
invention are housed in a common housing with other lighting unit ballast circuitry. 
Thus, no additional wiring, either power or control, is required for implementing the 
ballasts disclosed herein. 

FIG. IB illustrates the conceptual network construction aspect of the present 
invention. In particular, FIG. IB shows the combination of a general wireless 
communication protocol (e.g., Zigbee) and a lighting-specific standard (e.g., DALI). The 
master has direct communication liiiks wifli the slave devices such as the slave remote- 
control units, ballasts, and sensors. This direct (i.e., real/physical) communication link is 
implemented via a RF wireless link and is represented by the solid line double-arrow 
between KF transceivers of the local control master, ballast 5, and tiie slave device, 
ballast 15. 

Regarding the network protocol for RF communication, it may be any RF wireless 
communication protocol, either proprietary or op^-standard, for ensuring a master-slave 
oriented reliable two-way commimication. Such a network protocol includes, but is not 
limited to Zigbee™. Zigbee™ is a low cost, low power consumption, two-way, wireless 
communications standard proposed by the Zigbee Working group aimed initially at 
automation, toys, and PC peripherals. The lighting-specific standard (e.g., DAU) 

In order to ^ly a lighting control standard originally designed for wired 
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CQimections, such as DALI, to wireless controls the Zigbee™ communication protocol is 
used to ensure a reliable RF link. It should be appreciated that the selection and use of 
DAU and Zigbee™ in the embodiments discussed herein are only examples, not 
limitations, of the lifting control and communication protocols, respectively, 
encompassed by the present invention. 

The RF transceiver receives and demodulates the RF signals and passes them to a 
microcontroller. The microcontroller is loaded with the embedded ballast software 
program, including the communications protocol module and the application module. 
The communications protocol module takes care of the network commimication issues 
and the application module processes the API commands from communications protocol 
and controls the ballast with DALI commands. 

FIG. 3 is an exemplary depiction of sensor 35 of lighting control network 100. 
Smsor 35 is shown as including a RF transceiver for transmitting and receiving RF 
signals, a MCU and a sensor module for detecting an envirotunental or system parameter. 
The particular type of sensor(s) included with sensor 35 may depend on tfie appUcation 
and goals of lighting control network 100. Thus, the sensor module of sensor 35 may 
include, either alone or in combmation, for example, an ambient light sensor, a motion 
sensor, an occupancy sensor, and a temperature sensor. Other types of environmental and 
system sensors may be substituted for and/or included in combination with the foregoing 
sensor types. 

FIG. 4 provides an exemplary depiction of remote control 40 of lighting control 
network 100. Remote control 40 is shown as including a RF transceiver for transmitting 
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and receiving RF signals, a MCU and an user interface. The user int^r&ce provides a 
means for a user to input commands for controlling the lighting units. The user interface 
preferably includes an interactive, graphical user inter&ce that provides intuitive 
indications of the status of the controlled lighting units, system parameters, and input 
S commands (e.g., accepted/rejected). In another aspect, the user interface may include 
electro-mechanical buttons and keys. Also, the remote control unit may be implemented 
using a dedicated or general purpose computing device (e.g., a PC and a PDA). 

In each room, see zone 1 and zone 2 of FIG. 1 A, the ballast located therein is 
10 controlled by one or more buttons (i.e., the user interface) located on the remote control 
unit associated with the ballast. Using the remote control unit, a user can remotely (i.e., 
not physically connected to) operate the lighting units, selectively group the lighting units 
in dififerent configurations, set up various lighting scenes, etc. 



15 Since the communication between the ballasts, sensors, and remote control units is 

bi-directional, the sensors can report data regarding the parameter(s) monitored, such as 
presence sensing, motion detection or ambient light detection, amount of power 
consumed, and otii^ data to the local control master, ballast 5. The local control master 
may then adjust the outputs of lighting units 10, 20, 30 outputs according to the rq)orted 

20 data and the lighting plan and other lighting objectives programmed into lighting control 
network 100. Local control master, ballast 5 acts as the network coordinator for lifting 
control network 100. 



9 



wo 2004/023849 



PCT/IB2003/003981 



Regarding operation of lighting control network 100, the local control master, 
ballast 5, establishes its network with a network ED. The othCT ballasts 15, 25, remote 
controls 40, 42, and sensors 35, 37, acting as network slaves, join lighting control 
netwoik 100, preferably using an enumeration algorithm. The enumeration algorithm 
5 preferably utilizes an address pre-programmed into the ballasts 15, 25, remote controls 
40, 42, and sensors 35, 37 that uniquely identifies them. During the enumeration 
procedure, the ballasts 15, 25, remote controls 40, 42, and sensors 35, 37 receive the 
network ID of flie local control mast&r, ballast 5. The network ID of the local control 
master identifies tiie local network established by the local control master. Each of the 
10 ballasts 15, 25, remote controls 40, 42, and sensors 35, 37 also preferably receives an 
allocated short address to identify themselves in subsequent communications with the 
local control master, ballast S. 

A pairing algorithm is used to associate the keys/controls of the remote control 
15 units with particular ballasts, according to the lighting configuration and layout needs. 
For example, remote control unit 40 is ''paired" with ballast 15 and remote control unit 42 
is '^paired" with ballast 25. Jn this mamier, the ballasts of the present invention are 
'Virtually wired" (since communicating via RF wneless links) to the keys/controls of the 
remote control units. The pairing procedure is prefa:ably accomplished by placing the 
20 remote control units in a special programming mode, referred to herein as TEACH mode. 

The local control master, ballast 5, records the pairing links between die 
keys/controls of the user inter&ce of the remote control units and the ballasts paired 
toge&er during the TEACH mode. The ballasts and remote control unit pairing 
25 relationships may be stored in a table and a relational database in a memory location of 
the MCU of the local control master. 



The pairing procedure is shown in tfie following Table 1 . 



Buttons pressed on 


Reaction of Master 


Reaction of Ballast 


Remote-control unit 
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having two buttons 






Both for 2 sec or more 


Enter-TBACH-mode 


all ON 


Next/previous 


Select active ballast 
(address +1/-1) 


Active one OFF 


i-»eit/ngiii Duuoii 


Attach 


DacJc ON 


Left/right for 2 sec or more 


Detach 


back ON 


Both for 2 sec or more 
, again 


Retum-to-NORMAL 


allOFFandflienON 



Table 1 



As an example of an exemplary pairing algorithm in TEACH mode» the local 
control master first enters TEACH mode and sends a command to turn on all the 
5 registered ballasts. The networked ballasts are cycled through using, for sample, ^'Next" 
and 'Trevious" buttons on the remote control unit. Depending on the button/key pressed 
on the remote-control unit, either *T^ext" or *Trevious", one of the networked ballasts is 
selected. The active, i.e., selected, ballast is turned off to visually notify the user which 
ballast was selected. The selected ballast is then paired with a particular key of the 
10 remote control unit A message is sent to the master, for example, to attach or detach the 
ballast to the network. Pairing data is stored in the master in a table or database. The 
selected ballast is tumed back on after the pairing is complete. The user may select 
additional ballasts to "'pair'* to the remote control unit or return to the normal mode of 
lighting control operation. 

15 

In one aspect of the operation of Ught control network 100, the slave devices 
communicate with the local control master using RF signals generated therein. The RF 
signals include the network ID and the slave's ID. When the user issues a command by, 
20 for exanople, pressing a key on remote control unit 40 a specific data packet related to the 

11 
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pressed key (e.g., a command to turn on lighting unit 20) in the fomi of a RF signal is 
transmitted to the local control master, ballast S. Upon receipt of the RF signal fiom 
remote control unit 40, local control master, ballast 5 retrieves the pairing data for remote 
control unit 40 and ballast 15 associated with the pressed key firom its look-up table and 
5 routes the data packet via RF signal to destination ballast IS. 

Destination ballast 1 5 receives the packet via RF signal, demodulates, and decodes 
the signal. Lighting unit 20 is operated in accordance to the issued command. In this 
example, lighting unit 20 is commanded to turn on. 

10 

According to another aspect of the present invention, the local control master 
sends out beacons or polling messages at a predetermined interval to maintain the health 
of lig^t control network 100. In this manner the network slave devices are periodically 
informed of the local control master's status. The local control master status may include 
IS whether the local control master is allowing new devices to join the network. 
Additionally, the local control master can monitor the status of the slave devices on the 
network. 

hi yet another aspect of the present mvention, lighting control network 100 can be 
20 maintained in the instance of a power outage and/or local control master, ballast S, 
malfunctions or is otherwise rendered inoperable for coordinating the functions of 
network 100. Accordingly, at least one of the slave ballasts (for example, ballast IS) may 
be designated as a back-up local control master in the event ttiat the local control master, 
ballast S, fiuls. In the event of such failure, back-up local control mast^ ballast IS 
25 becomes the primary local control master. Tn another aspect hereoj^ all of the devices not 
designated as the master may act as a back-iq) master and be randomly selected as tiie 
master upon an emergency or failure of the primary local control master. 

30 
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The desigaation of a primaiy» and a secondary, etc., back*-i:^ local control masters 
can be implemmted according to a variety of network reconfiguration schemes. The 
particular algorithm used for converting a ballast into the new master may vary dq>ending 
5 on the application and lighting control protocol used. It is noted however, that network 
100 reconfigures as a master-slave oriented two-way communication network such that 
the pairing data is maintained by at least one device designated as a local control master. 

Accordingly, lighting control network 100 of the present invention provides 
10 increased lighting system layout flexibility; reliable two-way communication, including 
feedback data from the ballast, such as power consumption or diagnostic information, 
affotding improved lighting and power management; is not susceptible to the missing 
remote control unit situation since pairing link data is consolidated in the local control 
master. As discussed above, in the instance the master fails, there is a back-up local 
15 control master to take over the coordination and control functionality for the network. 

In an aspect of the present invention, the existence of a local control master 
&cilitates forming a building-wide lighting control network. The local control master can 
transmit data, communicate, local network data concerning the local network to a central 
20 master for the entire building to achieve ''building automation" or a '"building 
managemmf ' network. 

This building-wide netwoik connects all different kuids of the building 
management systems, such as lighting, heating, security and elevator systems, and so on 

25 together and forms communication pathways to the building management center, which 
can be a PC or other centralized control equipment such as central control master 200 of 
FIG. lA. The devices included in this network include ballasts, remote control units, 
occupancy sensors, motion detectors, light sensors, temperature sensors, humidity 
sensors, window blind controllers, circuit breaker panel boxes, and any oth^ type of 

30 sensors or devices that are may be used for the building control systems mentioned above. 
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In an aspect hereof, the devices in the network conunimicate in different ways 
depending on the conununication protocol used. For instance, the communication 
5 protocol used may be a hierarchical net or a flat mesh. 

hi a hierarchical network structure, the central control master 200 is the top master 
of the network. In each room, there is a local master that can reside in the ballast or any 
otber appropriate devices in the local network. The ballast is suitable for the system 

10 where the local master needs to be mains-powered. The local masters of the building 
network can talk to one each through communication links established tiierebetween. 
Network data and status is rq)orted to the central control master by the local masters (e.g., 
ballast 5) and network commands and data can be sent to central control 200 via the same 
communication pathways. Local control masters control and coordinate the operations of 

15 the various devices in the local networks. The devices can talk to another through 
physical/virtual links after initialization or configuration. The communication between 
any two slave-devices can go through the local master. 

hi a mesh network structure a shown in FIG. 5, central control master 200 is tiie 
20 master of the network. All the other devices can be flie slaves si, s2,..., s6. All of the 
slave devices, sl-s6, can communicate with one another. A command issued by the 
mastor will find the best route to get to the destination slave device by using other slave 
devices as routing or repeating devices. For example, a command destined for slave s6 
may take route CM-sl-s3-s6 or route CM-s2-s4-s6, depending on network traffic and 
25 other considerations. 

It should be appreciated by those skilled in the art ttiat the system environment, 
i.e., ballasts, remote control units, sensors, a building, a room, a lighting zone, and other 
aspects of the teachings herein are but exan^les of implementations suitable for the 
30 Ughting control system network of the present teachings, and thus do not limit the scope 
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or variety of ^plications that the present invention may be suitably implemented. Thus, 
it should be understood that the foregoing description is only illustrative of a present 
implementation of the teachings herem. Various alternatives and modijBcation may be 
devised by those skilled in flie art without departing from the invention. Accordingly, the 
5 present invention is intended to embrace all such alternatives, modifications, and 
variances which fell within the scope of the appended claims. 
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